2 Department of Landscape Architecture, Faculty of Agriculture, Bingol University 12000, Bingol, Turkey (phone: +90-426-216-0012; fax: +90-426-216-0029) Abstract. Water is an essential natural resource and is even known to be the cause of many wars of history. While people depend on it to survive, they also use it for everyday activities and several other purposes. As for plants, water is an essential factor, one they need for growth. Although irrigation is really important for certain agricultural plants, many criticise its water consumption especially on scientific platforms and media. This naturally pushes the world to find alternative ways to decrease the water consumption where possible. Greywater (GW) use is one of these alternative ways. This study aims to focus on two different but ecologically useful recent phenomena; GW use and green roofs. GW use makes it possible to decrease water consumption by replacing irrigation water, while green roofs (GRs) are known to increase biodiversity in urban areas and to decrease heat island effect and as a result reduce the costs of air conditioning. Since the main purposes of this study are to evaluate the use of GW on GRs to examine if there might be an ecologically and economically more beneficial way to keep the roof green, we used a prepared greywater simulation (PGWS) to measure green roof plants' responses to it. Two different greywater models, non-diluted prepared greywater simulation (N-D.PGSW) and 50% diluted prepared greywater simulation (%50-D.PGWS), were used for irrigation; while tap water (TW) irrigation and no irrigation (N-I) were the other two conditions to make the study more reliable.
Introduction
Water is a life-sustaining natural resource and has been regarded as inexhaustible until quite recently, but the accelerating population growth and development of industrial activities have led to its depletion, especially in areas facing drought (Illan, 2011) . After the recognition of water as an exhaustible resource, innovative technological and agronomic practices such as storage and regulation methods for water, installation of irrigation automation systems, and reuse of wastewater were adopted. Despite these innovations and cultural practices, cities currently suffer from water deficit. Water deficit is defined as the exceedance of the currently-available renewable sources by the sum of the water use requirement of different fields (urban, agricultural, industrial, and environmental uses) (Zavala and Estrada, 2016) .
GW is defined as the urban wastewater consisting of the waters used for domestic purposes except for the toilet water (water from bathroom sink, shower, lavatory, dishwasher, washing machine, and kitchen) (Mohamed et al., 2013; Li et al., 2009; Ottoson and Stenströn, 2003; Eriksson, 2002; Jefferson et al., 1999) . GW constitutes 50-80% of the total wastewater use of a household (Antonopoulou, 2013; Friedler and Hadari, 2006; Eriksson et al., 2003) . Previous studies reported that depending on the population structure, tradition and habits, structure of the plumbing system, and water abundance, the use of GW vary between 90-120 l/p/d (liter/person/day) in developed countries, whereas in low-income and water-scarce countries the rate drops to 20-30 l/p/d (Morel and Diener, 2006) .
In addition to avoiding river pollution, the use of GW as a valuable fertilizer and for irrigation purposes in landscape and agricultural areas in Rome, Greece, China, England, and Germany dates back to ancient times. The use of wastewaters in irrigation has emerged as an effective mechanism to regulate water resources in water-scarce areas since the 16th century (Zavala, 2016 ; Negahban-Azar et al., 2012).
One of the main factors adding to the importance of GW is undoubtfully the expanding place of its generators in everyday use. In addition, since GW do not contain fecal waters, they can be easily treated and potentially reused (Yalçınalp et al., 2018) . Moreover, GW is increasingly used due to the lower polluting effects of pathogens and nitrogen (Li et al., 2009; Li et al, 2003) . The use of GW in gardens, car washing, laundries, and toilet flushes has been a long-employed practice in various regions of the world. The use of treated GW also greatly contribute to the protection of high-quality water resources. Depending on the popularization of these practices, this contribution brings along a great cumulative potential as well (Li et al., 2003) .
It is clear that the reuse of waste water poses a health risk both for the public and system employees due to the high exposure rate to pathogenic microorganisms and toxic materials. The health concerns regarding the increases in these activities generally involve the extent of human exposure to treated wastewater, the type and quality of the treated wastewater, and the safety of the treatment processes (Zavala and Estrada, 2016; Benami et al., 2013) . Nonetheless, in the case of landscape plants, since they are not edible and thus, the water used in their irrigation can have a lower microbiological quality, the use of wastewaters is advantageous in the irrigation of landscape plants.
The great amounts of the GW generated by the recent large-scale urban development in Trabzon have led to its emergence as a new recyclable water resource. GW will be an important resource to partially mitigate the water deficiency and prevent the pollution of environment by these waters.
Despite its huge popularity in recent years due to its great potential and the environmentally destructive course of the world, pessimistic and refraining voices have been raised against the use of GW. The most prominent concern is the doubts about its possible use in the irrigation of edible plants. Furthermore, the possibility and rapidity of bacterial growth during the storage of GW, which contains bacterial growth-facilitating organic wastes, have long been among the underlying causes of the reluctance towards its use. However, scientific studies evaluating it within the limits of universal standards have indicated that GW was a safe and sustainable resource.
Analysis of the detailed information gleaned in this study helps (1) to evaluate green roof plants' response to GW irrigation, (2) to make a contribution to green roof phenomena by decreasing the estimated irrigation costs in the long term as GW has a huge potential to take tap water place for irrigation and maybe the most importantly (3) to create a more sustainable green roof approach to prevent water waste while green roof is already considered as an ecological way to make urban areas healthier and more livable.
Material and Method

Study area
The roof of the Landscape Architecture Department of the Karadeniz Technical University (40°59'27.02"N, 39°46'30.80"E) was selected as the study area (Figure 1) . After obtaining the necessary permissions, the materials were transferred to the roof using a crane installed on the rooftop and the irrigation equipment were prepared for use. The city covers an area of approximately 4.685 km2 and has a population of about 758.237 inhabitants, making it the second largest principal city in the region (Anonymous, 2013a 
The Installation of the Experiment
A review of the relevant literature revealed that Sedum species were used in various studies on GRs. Sedum album and Sedum sediforme, as two species from one of the genera that first come to mind when GRs are considered, were used as the plant materials in this study as well. Sedum album and Sedum sediforme plants that were brought to the study area, derived from the same origin, and as identical as possible were planted in 60cmx40cm pots and on 10cm blockage for drainage and 20cm soil. To obtain data for the comparisons, experiments were installed in a total of 80 pots comprising 10 pots for each Sedum species and each irrigation type (N-I, TW, 50%-D.PGWS, N-D.PGWS). The irrigation rate was planned to be 1 L/w (Liter/Week) for each pot. in the middle of the pots in an area of 24 cm2 (about 10% of the total area) to achieve the adequate examination of the plant propagation. According to the monthly precipitation reports of the Trabzon General Directorate of Meteorology for 2016-2017, during the experiment, the plants were exposed to a monthly precipitation ranging from 6.3mm to 160.2mm and corresponding to an annual precipitation of 88.37mm. The plant and soil samples were prepared for analyses at the end of the experiment in December 2017 by collecting and blending the samples from each pot that contain plants from the 8 groups examined using different irrigation systems. Soil samples were randomly taken in a depth of approximately 0-15 cm from an open-air field in a nursery. Then the samples were dried at 110 °C and transferred to polyethylene bags until the installation. To make sure that each pot will have the same amount of soil, a bascule was used just before putting the soil into the pots. Trying to pick similar in size, plant samples in 2 different Sedum species were also taken from the same nursery and kept on the roof top for the last 3 days to the installation.
Because one of the main aims of the study is to make a practical, sustainable and significant contribution to the green roof existence apart from the evaluating of the plants' responses to greywater, periodic watering was chosen as the irrigation method just like how it is done in the traditional gardening in the area to simulate the conditions on the roof top as close as possible to the daily life.
The Preparation of the Greywater Simulation
The daily water use in Turkey is 216 L/p/d (liter/person/day), whereas the daily water use in Trabzon, Turkey, was determined to be 333 L/p/d (Anonymous, 2013b) . No reliable data concerning the average consumption of the chemicals involved in the formation of GW in Turkey were found. Thus, developing an average model for GW has emerged as one of the most important steps of the study. For the simulation of average GW, a "Household greywater scenario" (HGWS) that can provide an insight into the average consumption levels was constructed by combining statistical data such as the average number of individuals in a household and empirical data such as hand washing, teeth brushing, shaving, etc. By grouping the activities such as bathing, cleaning, and personal care, etc. according to the scenario, we were able to derive estimates about the weekly frequency of the activities and by whom the activities were performed, the amount of shampoo, detergent, and cleaning product use, and the contents of the greywater generated by water use. According to the simulation, the amounts of the materials in 1 L GW generated within the scope of the study are given below ( Table 1) .
The cleaning products were randomly procured from a grocery at the city center and during the study, same products were used in the same amounts. The storage of GW is one of the most important issues in industrial GW use, the main reason being the emergence of a bacterial growth-facilitating habitat during the storage due to the organic wastes in its content. To evade this problem, GW was not stored in the study and instead, a new HGWS was created using measuring cups before each irrigation. Attention was given to the complete dissolution of each material added to the HGWS and continuous stirring was applied; then, the GW was rested for an hour, followed by it use for irrigation. Although not using storage for the GW used in irrigation may seem like a disadvantage in terms of the accurate representation of the standard case, this concern is minimized by the currently present measures taken against the bacterial growth in the GW generated by the use of industrial products. In the study, a group of plants was not irrigated and left by themselves after installation, while the other groups were irrigated for two years from March 2015 to March 2017 in every Saturday when no rainfall had occurred. For irrigation, 1 L water was used for each case containing the plants and drip irrigation was preferred. The HGWS was directly applied to one plant group, while the other group received 50%-D.PGWS and the final group directly received TW.
In addition to the irrigation with the GW, all samples were exposed to natural rainwater. Although this may raise a doubt about the accurate uncovering of the relationship between GW and the two Sedum species examined in the GR, since the main concern of the study is the performance of GW in GRs and GRs are already exposed to rainwater, this issue is believed to enhance the ability of the study to reflect the realities of practice. In addition, as all cases containing the plants were exposed to rainfall, the effect of precipitation on GW-plant relationship, if there is any, most certainly takes place under the same conditions as each plant.
The Analyses of Soil, Water and Plants
To determine the plant propagation rate at the end of the two-year experiment in the pots, separate photographs of each pot from each group were taken 1m above the intersection of the diagonals and prepared for examination in an office setting. Each photograph was divided into 5cmx5cm grids in the computer environment and the Sedum cover for each pot was established by determining the frames containing the Sedum species. The growth of wild weeds both through the soil in which the experiment was installed and through pollination was also observed in the experimental areas during the vegetation period. Weeding was not carried out to observe the competition between the Sedum species and wild weeds.
Then, the plant samples were pressed and dried between blotting papers and prepared for identification. The dried and identified plants were then ground in a plant grinding mill and the wet digestion method was employed using HNO3 to prepare the samples for analysis. The soil samples were laid and dried on blotting papers for one week and the http://www. blotting papers were replaced three times during this period. Upon drying, the soil was prepared for analysis after sieving with a 2mm sieve. The heavy metal ratios in the plant, soil, and water samples prepared for analyses were determined and entered in the database using the atomic absorption device of the Research and Application Center of the Central Laboratory of Bingol University. As the same water samples were used for N-D.PGWS and 50%-D.PGWS, water analysis was not separately performed for the each group. All parameters (soil particle size; pH; EC; organic matter; CaCO3, Fe, Zn, Cu, Mn, Cr, Ni, and Pb contents) were determined by common methods used in practice. The particle size analysis was done using standard hydrometer method described by Gee and Bauder (Gee and Bauder, 1986) . The pH and EC of soil samples was measured in the saturation extract by a pH and EC meter (McLean, 1982; Rhoades, 1996) . In addition, pH and EC of water samples was measured directly by a pH and EC meter (Tüzüner, 1990) . Organic matter was determined by using Walkley-Black method (Nelson and Sommers, 1982) . The CaCO3 content was measured with a Scheibler calcimeter after addition of dilute acid to the samples (Nelson and Sommers, 1982) . The contents of Fe, Zn, Cu, Mn, Ni and Cr extractable by DTPA in the soil were determined as described by Lindsay and Norwel 1987. In addition, the Pb content was determined by the ammonium acetate method. The total Fe, Cu, Zn Mn, Ni, Cr and Pb contents of plant samples were measured as described by Kaçar and inal (Kaçar nad İnal, 2010).
Results
There is no doubt that evaluating ecological conditions that affect plants on a GR and in a pot on a conventional roof is not exactly the same thing as the conventional one can could warm up faster and more intensively, which probably makes the conditions a bit more challenging. However, because all the plants in the research area was in the same conditions and because performances of the plants in harder conditions are important while rooftops are knowns as tough habitats, this micro climatic situation was ignored. The propagation rates of the Sedum species and the chemical content of the plants are the two most important parameters in the evaluation of the effect of the use of GW as the irrigation water on herbal life in GRs, which was the starting point of this study as well. Thus, the analyses for each pot was carried out by considering these two parameters and the results are given below ( Table 2) .
According to the field measurements, the highest coverage (67.622%) was observed in the trial with N-DPGWS irrigation, while the lowest coverage (34.376%) was observed in the N-I trial. As for the case of Sedum species-specific coverage, the Sedum album species irrigated with N-D.PGWS had the highest cover rate (60.922%), while the lowest cover rate (12.830%) was observed in the Sedum sediforme species irrigated with TW ( Figure 2 ).
Wild weed coverage ratio was calculated by comparing it with the whole plant coverage within the 5cm-5cm grids on each pot. The comparison of the total cover rates with the differences between the cover rates of the Sedum species revealed that the trial with the TW irrigated Sedum sediforme species had the highest wild weed content (47.786%), while the trial with the N-D.PGWS irrigated Sedum album species had the lowest wild weed content (6.7%) (Figure 3 
Conclusion and Recommendations
Making a classification according to the irrigation types, non-irrigated plants were coded as 'N-I', the plants irrigated with tap water were codes as 'TW', the plants irrigated with 50 % diluted water were coded as '50%-D.PGWS', and the plants irrigated with nondiluted water were coded as 'N-D.PGWS' while, in terms of Sedum species, Sedum album was coded as 'S. Al.'and Sedum sediforme as 'S. Sed.' and recorded into the database. In Table 3 , in a comparison between the irrigation type and the cover density of Sedum species, it is seen that the highest average value was obtained in N-D.PGWS (S. al.) group (x=60,400). This rate was followed by 50%-D. PGWS (S. al.) (x=38,000), N-I (S. al.) (x=36,600), N-I (S. sed.) (x=34,000), 50%-D. PGWS (S. sed.) (x=33,000), N-D.PGWS (S. sed.) (x=23,800) and TW (S. al.) (x=18,600). The irrigation type that Sedum species exhibited the lowest propagation was determined to be TW (S. sed.) (x=12,400). To determine if different irrigation types have a significant effect on the propagation types of Sedum species, the statistical analysis One-Way Anova test was utilized. As a result of the statistical analysis, a statistically significant difference was determined F=6.767, (p<0.05). To determine the source of the difference, the Tukey test of the Post Hoc tests was utilized. The direction of the difference was determined to be N-D.
PGWS (S. sed.)-TW (S. sed.).
To examine whether different irrigation types significantly affect the overall propagation rates, One-Way Anova test was used (Table 4) . As a result of the statistical analysis, no statistically significant differences were found. In the study, for the Sedum species used to determine the performance of GW in GRs, it was determined that irrigation with GW had a positive effect on the coverage area. When the same analysis was performed for the wild weeds in the pots and all the areas covered green, it was seen that the irrigation type had no effect on the propagation area. GRs are known as surfaces where living conditions are not so easy due to many conditions including solar energy and intense winds that they are exposed to. Therefore, certain APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17 (2) species with high resistance to these challenging conditions are very popular in both scientific researches and practice studies in this field. Sedum album and Sedum sediforme are two of the most known species of these species and are selected as the materials in this research. Numerous wild weeds that came to the area after these species were brought to the area, since they can easily adapt to and tolerate these difficult conditions, were found abundantly even in the N-I trial and, therefore, inhibited the effect of the green area associated with irrigation. At the point, the best answers to the question "So, why are Sedum species primarily preferred for the GRs?" are that they are always green compared to these wild species, they cover the area in a more compact way and they form a more aesthetic and successful layer in terms of thermal insulation. In addition, the contribution of these natural Sedum species to the biological diversity and the effect of feeding the wild life is inherently higher. Examining the correlation tests, it was determined that the propagation of Sedum species is inversely proportional to Fe (Fe **) and Pb (Pb **) elements in the plant (Table 5 ). Iron has an important feature since it can easily form clay with organic complexes in soil and plants. Therefore, iron can become soluble in the upper layers of the overly washed and low-drainage soils, and it adheres to the lower soil layer (Karaman, 2012) . In the nutrient environments such as the roof gardens where the depth of the soil is low, Fe can be transported to the plant via the plant roots even if it adheres to the lower soil.
Excessive Fe intake forms a toxic effect in plants. Tanning is the most important example of this toxic effect in plant leaves. This is observed when Fe content in leaves is 700mg/kg (Anonymous, 2005; Yamauchi, 1989) . Tanning in iron toxicity results from oxidized polyphenols (Peng and Yamauchi, 1993) . K application can be carried out to eliminate iron toxicity. In this case, K both reduces the Fe 2 + uptake and increases oxidative potential of roots (Güneş et al., 2000) .
Lead is not absolutely required for plants, but it is found in the soil at a dose of 15-40 ppm. It is potentially dangerous for human health when it exceeds 300 ppm (Özkan, 2017; Kaçar et al., 2013; Dürüst et al., 2004) . Lead affects the plant water regime due to its negative effects on cell turgor and cell wall stability, and its reducing effect on stoma movements and leaf area. Also, it reduces the uptake of cations and anions since it is held by the roots and it reduces root development, affecting nutrient uptake (Tao et al., 2007; Sharma, 2005) .
Examining the propagation of the species in total, it was determined that the cover density was directly proportional to Cr (Cr *) in the soil and pH value (pH ***) of the irrigation water and inversely proportional to Cu (Cu **) in the plant ( Chrome is naturally found in soils in amounts ranging between 5-100 mg/kg (Asri and Sönmez, 2006; Özbek et al., 1995) . The first physiological process affected by the toxic chrome levels in plants is seed germination (Knezevic et al., 2009; Jain et al. 2000) . Although chrome reportedly inhibits the development of roots through obstructing cellular division in roots and root growth and thus reduces plant growth and development through decreased water and nutrient intake from soils (Khan et al., 2000) , the statistical analysis of the results obtained with the experiment installed in this study showed that the total cover density increased with increased chrome levels in soils.
The toxicity level of copper differ among plants (Knezevic, 2009; Robson and Reuter 1981; Hodenberg and Finck, 1975) . The first symptoms of copper toxicity in coppersensitive plants include decreased root growth, damaged plasms and membranes, and release of potassium (K) ions (De Vos et al., 1991; Baker and Walker, 1989) . The decreases in the indole-3-acetic acid (IAA) oxidase activity in plants due to exposure to high Cu concentrations lead to certain changes such as reduced root growth and lateral root formation (Karaman, 2012) .
The pH of the irrigation waters directly or indirectly affects various physical, chemical, and biological phenomena that occur in soils. There is a close relationship between soil reactions and soil biota; for example, fungi are more active at pH 4-5, while bacteria are more active at pH 6-8. Moreover, pH levels also play an important role in the availability of the nutrients found in soils to vegetables. The most suitable pH range for nitrogen, phosphorus, and potassium intake by vegetables is between 6.5 and 7.5. At pH levels below 6.0, phosphorus bonds with Al and at pH levels above 7.5, phosphorus bonds with Ca, which obstructs its intake by plants. Al and Mn have toxic effects on plants at pH levels below 5.0, while at pH levels below 7.5, microelements such as Fe, Cu, Zn, Mn convert to a non-soluble form and their availability to plants significantly decreases (Url 1; 2018). As a result of the statistical analyses, it was seen that the Cu taken from the soil was inversely proportional to the plant growth. It is expected that the pH of the irrigation water will increase the plant propagation since the pH of the water makes the element of Cu insoluble and decrease its intake by the plants, preventing the toxic effect of Cu.
Evaluating the study as a whole, it was seen that there was a significant difference between irrigation and non-irrigation of Sedum, one of the most popular GR plants, in terms of the roof surfaces they cover. In addition, since clean water is one of the most valuable items in the world, considering GW as an alternative irrigation method, it was seen that this usable waste water can decrease, even eliminate, the use of important and expensive TW. It was also seen that the use of GW provides more positive effects on the plant growth compared to that of the TW. In this sense, by using GW in GRs, it would be possible to achieve both economical and ecologically more favorable results, by both reducing water consumption and providing positive effects on plant growth. Moreover, it is also clear that utilizing this waste water will reduce the irrigation costs of the GR
